The effect of vaccination against Newcastle disease (ND) in free range village chickens was assessed in a controlled field study. Based on the results of a baseline survey, 12 vaccinated and 12 unvaccinated backyard chicken flocks from two adjacent villages were selected and followed for six months. Serum antibody levels were measured on four occasions. All mortalities were recorded and the cause of death was established by necropsy. Selected ND-suspected cases were subjected to virus isolation, and pathogenicity of two selected isolates was measured in terms of mean death time (MDT) of inoculated chicken embryos. The baseline survey revealed that approximately 90% of the village families reared chickens of which only 11% regularly vaccinated their chickens against ND. Another 14% occasionally vaccinated their chickens and 75% did not vaccinate at all. In the flocks under study, antibody titres increased in vaccinated and unvaccinated chickens. About 75% of unvaccinated and 96% of vaccinated mature chickens (>28 weeks of age) had antibodies to ND virus (NDV), but the level was significantly higher in vaccinated birds. A striking difference in seroconversion was observed in unvaccinated and vaccinated younger birds: 3.3% vs. 55.1% in chicks (<9weeks of age) and 7.3% vs. 80.3% in growing pullets (9-28 weeks of age), respectively. Mortality due to ND was significantly higher in unvaccinated flocks (21.6%) than in vaccinated flocks (4.9%). Most of these mortalities occurred in growing pullets and chicks. Eight selected samples were positive for NDV when subjected to embryo inoculation and haemagglutination inhibition (HI) test. Two of the isolates were further characterized: both were velogenic pathotype with MDT of <60 hours. It is suggested that vaccination against ND could significantly reduce mortality in village chickens. (Bangl.
Introduction
Newcastle disease is considered to be one of the most important viral diseases in chickens throughout the world and has a devastating effect on poultry production in most countries (Alexander, 2001) . Almost every rural community in Bangladesh keeps small flocks of indigenous chickens (Aini, 1990) . The majority of farmers keep their chickens in a scavenging system, where the main source of feed is household refuse and picking from the surroundings. Before the advent of avian influenza, ND was considered as the cause of highest economic loss in village chickens in most developing countries including Bangladesh (Chowdhury et al., 1982; Alexander, 2001) . Data on the epidemiology of ND and the impact of vaccination against ND in backyard production systems is limited (Otim et al., 2007; Harrison and Alders, 2010) .
The aim of the present study was to assess the impact of vaccination against ND in village chickens through questionnaire survey and a controlled study including seroprofiling, clinical and post-mortem observations, and virus isolation, identification and characterization.
Materials and Methods

Study area and population
Two villages, Mujati and Char Adhpakhia, were randomly selected from Muktagacha upazilla in the district of Mymensingh, Bangladesh. The chickens were considered as one population due to the close contact between the villages. Based on the baseline survey data the farmers were divided into three categories: Category 1 farmers applied Baby Chick Ranikhet Disease Vaccine (BCRDV) (F-strain) and Ranikhet Disease Vaccine (RDV) (M-strain) on a routine basis; Category 2 farmers used BCRDV and RDV vaccines occasionally and Category 3 farmers used no vaccine against ND. Selected farmers from Category 1 and 3 with more than 10 chickens were asked to participate in the present study. From Category 1 six flocks were selected randomly in each of the two villages. To select Category three farmers, each village was first divided into six areas. Within each area, one flock was chosen randomly. In total 12 vaccinated and 12 unvaccinated flocks were selected. No birds were allowed to enter the flocks after selection. Birds were considered as chicks when below nine weeks of age, growing pullets at nine to 28 weeks and mature birds above 28 weeks. All birds in the flocks were marked with individual numbers on tags attached to the legs.
Collection and examination of serum samples
Blood was collected from all flocks on four occasions at one and half month intervals. The samples were left for 2-3 hours in order to separate serum. The serum samples were transferred to Eppendorf tubes, marked with the date and tag number and stored at -20°C. The samples were examined using the HI test to measure antibodies (Anon. 1996) . Haemagglutinating (HA) antigen for HI test was prepared in the laboratory as allantoic fluid harvested from embryonated chicken eggs inoculated with F strain of NDV following the standard procedure (Anon. 1996).
Mortality records
During the study period, the village farmers were requested to submit all dead birds to the investigator. It was emphasized that farmers should not sell or eat their chickens. To ensure that all dead birds were examined, compensation was given.
During the post-mortem examinations ND-suspected samples were collected and stored at -20°C for further investigations (see below).
Virus isolation, identification and characterization
From selected ND-suspected samples, affected parts of the lungs, spleens, livers, trachea and brains were stored in 50% buffered glycerol in sterile screw-capped glass bottles marked with sample date, location, age, sex, bird number, history and clinical signs. All samples were kept at -20°C. Tissue specimens from each bird were pooled and homogenized to make 20% suspension in phosphate buffered saline (PBS) containing penicillin (1000 iu/ml) and streptomycin (1 mg/ml). The suspension was clarified by low-speed centrifugation and inoculated in embryonated chicken eggs through allantoic route to isolate the virus as described by Hitchner et al. (1975) and Anon. (1996) . After death of the embryos the allantoic fluid was harvested, tested for HA activities and subjected to HI test with known anti-NDV hyperimmune serum. Pathogenicity of selected isolates was evaluated by observing mean death time (MDT) of inoculated embryos (Hitchner et al., 1975) . All eggs used in the process of NDV isolation, identification, and characterization were obtained from the poultry farm at the Bangladesh Agricultural University.
Statistical analyses
A chi-square test was used to compare the mortality in unvaccinated and vaccinated birds and in different age and sex groups. To measure the differences in the antibody level in unvaccinated and vaccinated birds an analysis of variance was used. All hypotheses were tested at a 5% significance level.
Results and Discussion
Baseline data and the profile of flocks under study
The baseline survey revealed that Mujati and Char Adhapkhia villages had in total 1,380 families, of which 1,225 reared chickens (89%). All chickens were Desi (indigenous). In total, the two villages comprised around 16,000 chickens -the flock size was on average 13 birds per family. Only 11.1% of the farmers vaccinated their chickens regularly, 13.9% occasionally and 75.0% never. The age and sex distribution of chickens in the 12 vaccinated and 12 unvaccinated flocks is given in Table 1 .
Serological investigation
At the beginning of the study 75.0% of the mature birds, 7.3% of the growing pullets and 3.3% of the chicks in unvaccinated flocks carried antibodies against NDV. In vaccinated flocks, 96.2% of the mature birds, 80.3% of the growing pullets and 55.1% of the chicks had antibodies. The relatively high seropositivity in unvaccinated birds would indicate a constant natural exposure to NDV in village chickens. This result is in agreement with Bell and Moulodi (1988) , who found 5-83% (average 35%) seropositive village chickens in Morocco. Agebede et al. (1992) An overview of the antibody level in unvaccinated and vaccinated birds is presented in Fig. 1 . The level of antibody increased with age in unvaccinated and vaccinated chickens and there was a highly significant (P<0.01) difference in the NDV antibody level between the different age groups. This finding supports Thitissak et al. (1989) who observed that mean HI titres rose steadily as the birds aged, peaking in unvaccinated birds at 3 years of age. Schmidt and Schmidt (1955) considered HI titre 32 and above to be protective against NDV. Most of the older birds had a protective level of antibodies even without vaccination. However, a large number of unvaccinated growing pullets, particularly during the first three sampling occasions, remained unprotected. On all three occasions a significant difference in the mean antibody level was found between vaccinated and unvaccinated flocks (P<0.01) in all three age groups. 
Mortality patterns
Mortality due to ND was significantly higher (P<0.01) in the unvaccinated birds ( Table 2) . Out of 241 unvaccinated birds 52 (21.6%) died due to ND, whereas out of 206 vaccinated birds, 10 (4.9%) died of ND. The risk of dying from ND was 4.4 times higher in unvaccinated birds. In vaccinated flocks the deaths from ND might be due to improper vaccination (failure to maintain cool chain or improper timing). Diseases other than ND that accounted for mortality included parasitic infections, fowl cholera, chronic respiratory disease, fowl pox, pullorum disease and colibacillosis. The total mortality was significantly (P<0.01) higher in unvaccinated (58.1%) than in vaccinated birds (39.8%). The risk was 1.5 times higher in unvaccinated birds.
The contribution of ND to overall mortality in unvaccinated and vaccinated chickens of different age and sex groups can be seen in Table 3 . In unvaccinated birds mortality due to ND was significantly (P<0.01) higher in growing pullets than in chicks and mature birds. This result is in agreement with Ezeokoli et al. (1984) , who suggested that in backyard management systems birds around 16-24 weeks of age had the highest risk of NDV infection. Differences in mortality due to ND between male and female birds were not statistically significant. 
Isolation and characterization of ND virus
Eight ND-suspected samples were examined for the presence of NDV by embryo inoculation. All the 8 samples caused embryo mortality with HA activity in the allantoic fluid, which could be inhibited by NDV-specific antiserum. Two isolates, one from each village, were taken for further characterization. The mean death time (MDT) of inoculated chicken embryos was estimated to be less than 60 hours, which indicated that these isolates were of velogenic pathotype. Velogenic viscerotropic NDV is considered endemic in Bangladesh. Chowdhury et al. (1982) examined 150 NDV isolates obtained from 19 districts of Bangladesh and found 120 (80%) velogenic by MDT.
In conclusion, vaccination against ND could significantly improve backyard poultry production in Bangladesh. Because of the small flock size it would be impractical to expect that the farmers would vaccinate their backyard chickens on their own. Instead, vaccination coverage needs to be ensured through either the Department of Livestock Services or self-employed village vaccinators.
